This study was carried out to determine the effects of oestrous cow serum containing insulin-like growth factor I (IGF-I) and supplementation with recombinant IGF-I on subsequent development of bovine embryos produced in vitro. When culture medium was supplemented with oestrous cow serum containing 34.8 ng endogenous IGF-I ml \ m=-\ 1, more embryos (P< 0.01) developed to blastocysts by day 9 and more blastocysts hatched on day 13 after insemination (P < 0.01) than in the control group. The effect of the addition of 10, 50 and 100 ng IGF-I ml \m=-\1 to culture media containing oestrous cow serum and granulosa cells was also evaluated. Supplementation with 10 ng IGF-I ml \ m=-\ 1 did not improve embryo development at any stage. The addition of 50 and 100 ng IGF-I ml\m=-\1did not affect development during the first three cell divisions. However, on day 7 these groups yielded a higher embryo rate than did the control group. Similarly, the proportion of blastocysts on day 9 was enhanced. The addition of 100 ng IGF-I ml \ m=-\ 1 also increased the proportion of blastocysts. These data suggest that IGF-I at high concentrations accelerates the development to the blastocyst stage by shortening the transition from the morula to the blastocyst stage. The addition of 100 ng IGF-I ml \ m=-\ 1 increased the proportion of hatched blastocysts on day 13. The addition of oestrous cow serum and IGF-I to TCM 199 free of granulosa cells did not increase the proportion of embryos on day 7. However, the progress to blastocysts and hatched blasstocysts on days 9 and 13 was significantly lower (P< 0.05 
Introduction
Successful methods have been developed for producing bovine embryos in vitro. Seven days after the fertilization of oocytes selected for production in vitro, up to 40% have developed into embryos (Brackett and Zuelke, 1993) . However, the percentage of blastocysts (day 9) and hatched blastocysts (day 13) is lower than expected (Krefft, 1993; Palma et al, 1993) because the development of some embryos is arrested at earlier stages.
Thus, it is necessary to improve the culture media to enhance morula and blastocyst development.
Growth factors have been shown to play a regulatory role in the functioning of the ovary (Adashi et al, 1985; Carson et al, 1989; Oliver et al, 1989; Echternkamp et al, 1994) and the uterus (Bringstock et al, 1989; Boehm et al, 1990; Chegini et al, 1992; Persson et al, 1992) resulting in a trophic effect on the endometrium and the embryo. Insulin-like growth factor I (IGF-I) is an important growth factor in blood and is of particular importance in the interaction between the uterine endometrium and conceptus (Simmen et al, 1993) .
Several research groups reported that addition of growth factors to culture media stimulates the development of bovine embryos in vitro (Rinderknecht and Humbel, 1988; Coskun et al, 1991; Larson et al, 1992;  Harper and Kaye, 1992; Keefer, 1992) . Earlier studies showed that IGF-I induces mitosis of granulosa cells (Armstrong and Xia, 1993) , the maturation of oocytes (Harper and Brackett, 1993; Lorenzo et al, 1994) and bovine embryo development (Kaye et al, 1992) . Insulin In Expts 1 and 4, the proportion of hatched blastocysts on day 9 and of hatched blastocysts on day 13 was considerably (Palma et al, 1995) . This supposition is also corroborated by the finding that IGF-I receptors are located in the plasma membrane of granu¬ losa cells (Adashi et al, 1988) and that IGF-I stimulates the proliferation and differentiation of these cells (Spicer et al, 1993) . In addition, the IGF-I binding capacities of granulosa cells are enhanced by FSH and LH (Veldhuis and Rogers, 1987;  Gong el al 1993) and oestrogens.
The fact that a high culture density improves embryo development (Wiley et al, 1986; Paria and Dey, 1990; Palma et al. 1992; Ferry et al, 1994; Keefer et al. 1994) provides support for a cooperative interaction between preimplantation embryos due to the growth factors released by them. Interest¬ ingly, the addition of 100 ng IGF-I ml~1 did not only result in a higher proportion of hatched blastocysts, but also accelerated the formation of early and expanded blastocysts on day 7. It has been reported that mouse embryos develop faster in high culture densities (Paria and Dey, 1990; Lane and Gardner, 1991) and that the transition from morula to blastocyst stage occurs 24 h earlier in ovine and bovine embryos produced in vitro than in those collected after superovulation (Walker et al, 1992; Greve et al, 1993) , which may be due to the higher temperature in the incubator (Greve et al, 1993 
